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DESCRIPTION 

FIELD-EFFE CT TRANSISTOR 
Technical Field 

[0001] The present invention relates to a 

5 field-effect transistor (FET) and, more 

particularly, to an FET comprising semiconductor 
layers containing organic substances. 
Background Art 

[0002] Generally, in the case of a thin film 

10 organic FET using organic semiconductors, 

semiconductor layers can be formed by a simple 
process such as a printing method, a spray method, 
or an ink-jet method, therefore, the cost is 
considerably lower than that of an FET using 

15 inorganic semiconductors. Moreover, since there 

is a possibility that a light and thin integrated 
circuit having a large area may be formed easily, 
the application thereof to a liquid crystal 
display, an organic EL display, an IC card, etc., 

20 is expected. 

[0003] Recently, the mobility of carrier of 

the organic semiconductor is increased and those 
having the mobility of carrier as high as that of 
the amorphous silicon have been found. The 

25 research on how to put to practical use an FET 

using organic semiconductors having such a high 
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mobility is extensively being carried out. 
Specifically, organic materials that exhibit a 
high mobility and are currently available include 
pentacene, polyalkylthiophene, etc., as a result, 
5 a great progress in the development of the organic 

FETs has been found. 

[0004] However, even though these materials 

are used, such a high mobility as that of the 
amorphous silicon can be obtained only when the 

10 materials are molecular substances and are used in 

the form of a single crystal. If the entire 
semiconductor layer is made up of a single crystal, 
it is extremely difficult to manufacture a large 
integrated circuit at a low cost. On the other 

15 hand, organic semiconductors made of 

polycr ystalline and amorphous polymers cannot be 
put to practical use because of the mobility 
incommensurabl y lower than that of a single 
crystal due to, for example, the loss of scattered 

20 electrons at grain boundaries. 

[0005] In order to solve these problems, a 

proposal is made in which the mobility of a 
sexi thiophene evaporated film, which is an organic 
semiconductor layer, is increased by using 

25 cyanoethyl ' pullulan as a material for a gate 

insulation film in an FET structure (refer to 
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Patent document 1) . 

[0006] Patent document 1: Japanese Patent No. 

2984370 

5 Disclosure of the Invention 

Problem to be Solved by the Invention 

[0007] However, the cyanoethyl pullulan itself 

is so hygroscopic that an FET using the cyanoethyl 
pullulan has a problem in that the transistor 

10 characteristics may change by absorbing moisture. 

Moreover, the cyanoethyl pullulan is so soluble in 
organic solvents frequently used for manufacture 
of a thin film transistor, therefore, after a 
cyanoethyl pullulan film was formed as an 

15 insulation film, the process of photolithography 

or the cleaning process using such organic 
solvents cannot be carried out. In this case, it 
is practically impossible to make an FET into a 
more highly- integrated one. 

20 [0008] When the inventors of the present 

invention examined in detail an FET using a 
cyanoethyl pullulan film as an insulation film, it 
was found that hysteresis was extremely large and 
the dielectric strength was not sufficient for 

25 practical use. From these results, it can be 

judged that the conventional FET using the 



3 



FP04-0175-00 



cyanoethyl pullulan as it is cannot be put to 
practical use. 

[0009] The above-mentioned problems being 

taken into consideration, the present invention 
5 has been developed and an object thereof is to 

provide an FET capable of exhibiting a 
sufficiently high mobility without the need to 
make a semiconductor layer into a single crystal 
and realizing an integrated circuit having 
10 excellent characteristics for practical use and a 

large area at a low cost. 
Means for Solving Problem 

[0010] In order to attain the above-mentioned 

object, the inventors of the present invention 

15 focused on and attentively examined the physical 

properties of a gate insulation film adjacent to a 
semiconductor layer. According to Patent document 
1 described above, attention has been paid to the 
fact that the dielectric constant of cyanoethyl 

20 pullulan is high and it is estimated that the high 

dielectric constant increases the mobility in the 
vicinity of the boundary surface of the 
semiconductor layer. Therefore, barium titanate, 
which is widely known as a material having a high 

25 dielectric constant ( £ = 16 when a film is formed by 

the sol-gel method) , was used to form a gate 
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insulation film. However, it was found that the 
mobility measured in the FET structure was 
increased by only about 20% compared to the FET 
having a normal structure in which the gate 
5 insulation film was made of Si0 2 (£=3.9) . Judging 

from the fact that the mobility when cyanoethyl 
pullulan (8=16) is used for a gate insulation film 
is increased by a factor of 100 to 1,000 times, it 
can be thought that the dielectric constant of a 

10 gate insulation film does not affect the mobility. 

[0011] As the movement of carriers is an 

electric behavior, it can be thought that a 
substance having a polar molecule, or part of 
which is polar, may affect the mobility of an FET. 

15 In order to confirm this, a polymer film having 

various polar groups was formed between an 
insulation layer and a semiconductor layer. The 
result was that not all kinds of polymer film 
necessarily increased the mobility. Because of 

20 this, the possibility that the function alone of a 

polar substance as an electric dipole may be the 
main factor affecting the mobility can be judged 
to be slight. However, it was found that some of 
the polymers used for the test increased the 

25 mobility of an FET significantly. The inventors 

have completed the present invention based on the 
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[0012] In other words, the FET according to 

the present invention is characterized by 
comprising a gate electrode formed at one side of 
5 a base substrate, a source electrode formed at one 

side of the base substrate, a drain electrode 
formed at one side of the base substrate, an 
insulation layer formed between the gate electrode 
and the source electrode and between the gate 

10 electrode and the drain electrode, a semiconductor 

layer formed around (at the periphery of) the 
source electrode and the drain electrode, and a 
functional layer provided so as to come into 
contact with the semiconductor layer and including 

15 electron acceptors. 

[0013] The electron acceptor in the present 

invention is a substance including Lewis acid as 
an electron pair acceptor and having molecules, 
groups, or ions as its main component, which can 

20 receive electrons in the configuration interaction 

between a structure in which it is assumed that 
electrons move between electron-donator molecules 
and electron-acceptor molecules and a structure in 
which charges are not caused to move. 

25 [0014] As described above, scattering of 

electrons, which is likely . to occur at grain 
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boundaries, and the loss caused by the scattering 
can be thought one of the factors that cause the 
mobility of an FET having a polycr ys tall ine 
organic semiconductor layer to drop extremely. In 
contrast to this, in the FET having the above- 
mentioned configuration according to the present 
invention, even if the semiconductor layer is made 
of polycrystal, the electron acceptor contained in 
the functional layer provided so as to come into 
contact with the semiconductor layer takes out the 
electrons in the vicinity of the grain boundaries 
of the semiconductor layer and therefore it can be 
estimated that the occurrence of scattering of 
carriers at the grain boundaries is suppressed. 
However, the function is not limited to this. 
[0015] It is preferable for the functional 

layer to have the electrically insulating 
properties and in this case, the functional layer 
may double as an insulation layer. However, as 
described above, the functional layer is thought 
to sufficiently function in the interaction 
between the electron acceptor and the crystal 
grains of the semiconductor layer at the boundary 
surface between the functional layer and the 
semiconductor layer. Therefore, the functional 
layer only needs to be provided in a state of 
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being an extremely thin film and in this case, it 
is preferable to separately provide another 
insulation layer from the standpoint of enhancing 
the withstanding properties and preventing the 
5 current from leaking out. Moreover, the base 

substrate may be one that doubles as a gate 
electrode . 

[0016] It is preferable for the electron 

acceptor to have a half-wave reduction potential 

10 being equal to or greater than -0.46 V or, much 

preferably, between -0.46 V and 0.15 V. The half- 
wave reduction potential is an electrochemical 
index used to measure and evaluate the electron 
affinity, and in the present invention, the half- 

15 wave reduction potential is measured in such a 

manner that a specimen to be measured is mixed in 
acetonitrile and a silver-silver chloride 
electrode is used as a reference electrode. 
[0017] When, the half-wave reduction potential 

20 is less than -0.46 V, it tends to become more 

difficult to obtain a sufficient drain current 
when the same gate voltage is applied to the FET . 
If the half-wave reduction potential exceeds 0.15 
V, the drain current tends to increase more 

25 readily when the gate voltage is 0 V and there may 

be a case where it is difficult to satisfy a high 
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ON/OFF ratio of a transistor when required. 
[0018] More specifically, it is preferable for 

the electron acceptor to be a n-conjugate molecule 
composed of an ethylene molecule or a n-conjugate 
5 structure whose carbon number is 3 to 15 (integer) 

to which at least one of groups -CN, -N0 2 , -F, -CI, 
-Br, -I, and =0 is linked. 

[0019] In this manner, the electron acceptor 

can be realized, which functions to sufficiently 

10 pull out electrons from the boundary surface of a 

crystal making up a semiconductor layer by means 
of the electron attracting properties of the 
groups -CN, -N0 2 , - F, -CI, -Br, -I, and =0 . If 
the carbon number of the n-conjugate structure 

15 exceeds 15, the energy difference between HOMO and 

LUMO tends to become extremely small and in such a 
case, a problem arises in that unwanted carriers 
are generated. 

[0020] It is much preferable for the n- 

20 conjugate structure to have a carbon number of 3 

to 15 (integer) and a heterocycle formed therein, 
including an S atom as a heteroatom. The 
heterocyclic structure includes a structure in 
which not only an S atom is contained as a 
25 heteroatom such as thiophene but another 

heteroatom such as thiazole is contained and a 
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structure in which a heterocycle condensed with a 
homocycle or a heterocycle condensed with another 
heterocycle . 

[0021] There is advantage in that the energy 

position of HOMO can be adjusted if an electron 
acceptor having a n-conjugate structure in which a 
heterocycle containing an S atom is formed is 
contained in the functional layer. 

[0022] Moreover, it is preferable for the 

functional layer to have a thickness of 0.5 to 500 
nm and, much preferably, a thickness of 0.5 to 100 
nm. If the thickness is less than the lower limit, 
a problem arises in that the mobility is not 
increased. On the other hand, if the thickness 
exceeds the upper limit, the electrostatic 
capacitance between the functional layer and the 
insulation layer becomes extremely small, 
therefore, a higher gate voltage is required to 
form the channel layer. 

[0023] If the relative relationship between 

the functional layer and the insulation layer is 
expressed definitely, it is also preferable for 
the functional layer to satisfy the relationship 
expressed by the following expression (1)- In the 
expression, dl denotes the thickness of the 
functional layer and d2 denotes the thickness of 
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the insulation layer. 
d2x0 . 001<dl<d2xl (l) 

[0024] As described above, the functional 

layer may double as an insulation layer, but in 
5 such a case, the relationship expressed by the 

above expression will not impose any restriction. 
[0025] Moreover, it is preferable that the 

concentration of electron acceptors contained in 
the functional layer be 0.01 to 10 mass%. If the 

10 concentration is less than 0.01 mass%, it tends to 

become difficult to increase the mobility of FET 
significantly. In contrast to this, if the 

concentration exceeds 10 mass%, the electron 
attracting properties are enhanced excessively 

15 depending on the type of electron acceptor, a 

considerable number of holes are produced in the 
semiconductor layer, and as a result, there is a 
possibility that the leak current may increase. 
Effect of the Invention 

20 [0026] As described above, the organic FET of 

the present invention comprises the functional 
layer containing electron acceptors, therefore, is 
capable of exhibiting a sufficiently high mobility 
without making the organic semiconductor layer 

25 into a single crystal and thanks to this, it is 

possible to realize a large integrated circuit 
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having excellent characteristics for practical use 
at a 1 ow cost. 

Brief Description of the Drawings 

[0027] 

5 Fig.l is a sectional view schematically 

showing an important part in a configuration of an 
FET of the present invention; and 

Fig. 2 is a sectional view schematically 
showing the state in the vicinity of a boundary 
10 surface between an organic semiconductor layer 10 

and a functional layer 43 in an organic FET 1. 
Explanation of Reference Numerals and Letters 
[0028] 

1 organic FET (FET) 
15 2 substrate (base substrate, gate electrode) 

4 composite insulation layer 
6 source electrode 
8 drain electrode 

10 organic semiconductor layer (semiconductor 
20 layer) 

41 gate insulation film (insulation layer) 

43 functional layer 

B grain boundary 

C crystalline grain 
25 Best Modes for Carrying out the Invention 

[0029] Embodiments of the present invention 
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are explained in detail with reference to the 
drawings. The same letters and numerals are used 
for the same components and no duplicated 
explanation is given here. It is assumed that the 
5 positional relationship among upper, lower, right, 

and left parts corresponds to that shown in the 
drawings . 

[0030] Fig.l is a sectional view schematically 

showing an important part in a configuration of an 

10 FET of the present invention. An organic FET 1 

comprises a substrate 2 (base substrate) on which 
a gate insulation film 41 (insulation layer) made 
of an insulation material and a functional layer 
43 are formed in this order, and a source 

15 electrode 6 and a drain electrode 8 are further 

arranged thereon at a predetermined distance from 
each other, and furthermore an organic 
semiconductor layer 10 (semiconductor layer) is 
formed on and between the electrodes 6 and 8. The 

20 functional layer 43 has the insulating properties 

and in this sense, the gate insulation film 41 and 
the functional layer 43 make up a composite 
insulation layer 4 . 

[0031] The arrangement of the organic 

25 semiconductor layer 10 is not limited to that 

shown schematically. For example, an organic FET 
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having a structure, in which the organic 
semiconductor layer 10 is formed on the functional 
layer 43 and the source electrode 6 and the drain 
electrode 8 are formed on the organic 
semiconductor layer 10 at a predetermined distance 
from each other, is included in the FETs of the 
present invent i on . 

[0032] The substrate 2 shown in Fig.l is made 

of a conductive material such as polysilicon or 
doped Si, and doubles as a gate electrode. 
However, a substrate having the insulating 
properties made of a material such as glass, 
ceramics, or plastic can be used and in such a 
case, it is necessary to provide a gate electrode 
separately in order to maintain the insulation 
among the source electrode 6, the drain electrode 
8, and the organic semiconductor layer 10. 
Moreover, materials of the organic semiconductor 
layer 10 are not limited in particular provided 
the materials are organic substances having the 
semiconductor characteristic that can realize a 
channel structure, and for example, a polycyclic 
compound (acene) composed of four/five or more 
ortho condensed benzene rings in a linear 
arrangement such as pentacene or tetracene, 
polyal kylthiophene , thiophene oligomer, etc., can 
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be used. 

[0033] The gate insulation film 41 is made of 

various materials that exhibit a proper dielectric 
constant and specifically, the materials include 
5 an inorganic dielectric such as Si0 2 , A1 2 0 3 , Si 3 N 4/ 

or Ti0 2 , an organic polymer such as polyimide, 
Mylar, pol yvinyl idene fluoride, 

polymethylmethacrylate, etc. 

[0034] The functional layer 43 is prepared by 

10 solidifying a polymer, which is a matrix material 

(base material), in a state in which electron 
acceptors are dissolved, dispersed, or mixed 
therein. Polymers for the matrix material are not 
limited in particular provided electron acceptors 

15 can be easily dissolved, dispersed, or mixed 

therein, as will be described later, the polymers 
can be easily dissolved in solvents as the need 
arises, and the solution thereof can be easily 
applied, including, for example, an acrylic resin. 

20 [0035] Preferably, acrylic resins are polymers 

of (meth ) acrylic acid ester base monomers, or more 
specifically, polyalkyl (meth) acrylate such as 
polymethyl (meth) acrylate (PMMA) , 

polyethy 1 (me th ) acr yl at e , poly n- 

25 propyl (meth) acrylate, poly n-butyl (meth) acrylate, 

polyisobutyl (meth) acrylate, or polytertiary 
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butyl (meth) acrylate, multifunctional 
(meth) acrylate polymers, modified (meth) acrylate 
polymers, etc. 

[0036] Resins other than the acrylic resins 

5 include, for example, copolymers of (me th ) acr yl ic 

acid ester base monomer and monomer other than 
this, and more specifically, polymers of 
acrylamide group, polymers of aromatic vinyl 
compounds, etc. Moreover, examples include 

10 polyethylene t e r eph thai a t e , polyethylene, 

polypropylene, polyvinyl chloride, various 

polyester carbonate groups, polyurethane group, 
epoxy resin group, etc. 

[0037] Similarly, the electron acceptors are 

15 not limited in particular and it is preferable for 

the half-wave reduction potential to be equal to 
or greater than -0.46 V or, much preferably, 
between -0.46 V and 0.15 V. Specifically, it is 
preferable for the electron acceptor to be a n- 
20 conjugate molecule composed of an ethylene 

molecule or a n-conjugate structure (hetero cyclic 
structure can be contained in part) whose carbon 
number is 3 to 15 (integer), to which at least one 
group of -CN, -N0 2 , -F, -CI, -Br, -I, and =0 is 
25 linked. 

[0038] Specifically, the electron acceptors 
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include tetracyanoethylene, 
tet racy a no qui no dime thane , 
tetrafluorotetracyano qui no dime thane , 
t e tr acyanonaphtho qui no dime thane, 

t e tr acyanoanthoraquinodime thane , 2 , 5-dimethyl-7, 
7, 8, 8-tetracyanoquinodimethane, 11, 11, 12, 12- 
tetr acyanonaphtho -2 , 6 -qui no dime thane , 

dicyano qui nodi imine , trinitrobenzen, 
trini trof luorenone, o-bromanil, p-bromanil, o- 
chloranil, p-chloranil, p-benzoquinone , trichloro- 
p-benzo qui none , dichlorobenzoquinone , monochloro- 
p-benzoquinone , phenanthrene qui none , 

naphthoquinone , p-benzoquinone , etc. 

[0039] It is much preferable to use an 

electron acceptor whose carbon number is 3 to 15 
(integer) and in which a heterocycle including an 
S atom as a heteroatom is formed. Specific 
examples of the electron acceptor include the 
following compounds . 

As a first specific. example, it is 
preferable to use TCN-T1 expressed by the 
following chemical formula. 
[0040] 

[Chemical formula 1] 
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NC / \ CN 



10 



15 



20 



[ 0041 ] As a second specific example, it is 

also preferable to use TCN-T2 expressed by the 
following chemical formula. 
[Chemical formula 2] 



[0042] As a third specific example, it is also 

preferable to use TCN-T3 expressed by the 
following chemical formula. ' 
[Chemical formula 3] 



[0043] It is preferable for the concentration 

of electron acceptors contained in the functional 
layer 43 to be 0.01 to 10 mass% or, much 
preferably, 0.1 to 3 mass%. Moreover, although 
the thickness dl (refer to Fig.l) of the 
functional layer 43 is not limited, it is 
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preferable for the thickness to be 10 to 3,000 nm 
or, much preferably, 100 to 1,000 nm. 

[0044] The thickness dl of the functional 

layer 43 may be designed according to 
circumstances based on the relationship with the 
thickness d2 of the gate insulation film 41. For 
example, it is preferable for the thickness dl to 
satisfy the relationship expressed by the 
following expression (1) . 
d2x0 . 001<dl<d2x l (l) 

It is also preferable to satisfy the relationship 
expressed by the following expression (2) . 
d2x0 . 0 01<dl<d2x0 .1 • • • (2 ) 

[0045] An example of a procedure to 

manufacture the organic FET 1 configured as 
described above is explained below. First, an n- 
type silicon substrate (for example, bulk 
resistivity is about 10 Qcm) is prepared as the 
substrate 2, and the substrate 2 is thermally 
oxidized according to circumstances to form the 
gate insulation film 41 composed of a thermally- 
oxidized film (Si0 2 film) having a thickness of 
about 200 nm . 

[0046] Next, a solution is prepared, which is 

an organic solvent in which the polymers for the 
matrix material and the electron acceptors 
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describe above are dissolved. Organic solvents 
are not limited in particular provided the 
polymers and the electron acceptors can be readily 
dissolved and dispersed therein. For example, the 
5 alcohol group, the ether group, the ketone group, 

the ester group, the glycol ether group, aromatic 
compounds, petroleum ether, etc., and according to 
circumstances, monomers of the same kind of 
polymer, for example, (meth) acrylic acid ester 

10 group, aromatic vinyl compounds, etc, can be used. 

[0047] Next, the solution is applied onto the 

gate insulation film 41 of the substrate 2 by an 
application method such as a spin- coat ing , roll- 
coating, die-coating, bar-coating, or dip-coating. 

15 Then, the solvent contained in the solution- 

applied film is evaporated for removal by drying 
under reduced pressure to form the functional 
layer 43. Further, the source electrode 6 and the 
drain electrode 8 are formed by vapor deposition 

20 of a metal such as Au . After this, the material 

of the above-mentioned organic semiconductor layer 
10 is evaporated onto the periphery of both the 
electrodes 6 and 8 by vapor deposition etc. so 
that the thickness is about 50 nm, and thus the 

25 organic semiconductor layer 10 is formed and the 

organic FET 1 is obtained. Here, the channel 
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length is set to about 20 jam and the channel width 
to about 5 mm. 

[0048] In order to manufacture the organic FET 

1 having the above-mentioned configuration in 
which the organic semiconductor layer 10 is 
provided on the functional layer 43 and the source 
electrode 6 and the drain electrode 8 are formed 
thereon, after the functional layer 43 is formed 
by application of solution and drying, the organic 
semiconductor layer 10 is evaporated and both the 
electrodes 6 and 8 are formed thereon by metal 
evaporation . 

[0049] According to the organic FET 1 thus 

configured, even if the organic semiconductor 
layer 10 is composed of polycrystal, the electron 
acceptors contained in the functional layer 43 
provided in such a manner as to be evaporated 
thereto can interact with the organic 
semiconductor layer 10 so as to pull out or take 
out the electrons in the vicinity of the grain 
boundaries of the organic semiconductor layer 10. 
[0050] Fig. 2 is a sectional view schematically 

showing the state in the vicinity of the boundary 
surface between the organic semiconductor layer 10 
and the functional layer 43 in the organic FET 1. 
The organic semiconductor layer 10 tends to turn 
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into a polycrystall ine state in such a manner that 
crystalline grains C that occupy a certain region 
are arranged additionally during the period of 
crystal growth by, for example, vapor deposition. 
5 As described above, conventionally, the holes as 

carriers are readily scattered at grain boundaries 
B. However, in contrast to this, in the organic 
FET 1, the electron acceptors contained in the 
functional layer 43 pull in the electrons in the 
10 vicinity of the grain boundaries B and it is 

estimated that the functional layer 43 functions 
so as to contain these electrons. However, the 
function is not limited to this. 

[0051] As a result, the electrons can be 

15 prevented from being scattered at the grain 

boundaries B and the leak current in a state in 
which the gate voltage is applied and the organic 
FET 1 turns on can be reduced considerably. In 
other words, because of the presence of the 
20 functional layer 43 containing the electron 

acceptors, the mobility of the organic FET 1 is 
increased significantly. Moreover, no problem 
arises even if the organic semiconductor layer 10 
has turned into a pol ycrys t al line state as 
25 described above, therefore, the man-hours and the 

cost can be saved because it is no longer 
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necessary to purify the material of the organic 
semiconductor layer 10 to an extreme level. 
[0052] Moreover, as the hygroscopici ty itself 

of the functional layer 43 described above, in 
which the electron acceptors are contained in the 
matrix polymer, can be kept low, the response 
characteristic of the organic FET 1 can be 
prevented sufficiently from changing. Unlike the 
conventional case where a cyanoethyl pullulan film 
is used as an insulation film, it is possible to 
make the functional layer 43 into one having a 
lower solubility for organic solvents frequently 
used for manufacture of thin film transistors, and 
the process of photolithography and the cleaning 
process using such organic solvents can be applied. 
Moreover, the organic FET 1 keeps hysteresis low 
and has the advantage of being capable of 
enhancing the dielectric strength even when used 
in combination with the gate insulation film 41 or 
when the functional layer 43 is used alone. 
[0053] If a substance having a half-wave 

reduction potential of -0.46 V or higher is used 
as the electron acceptor contained in the 
functional layer 43, it tends to become easier to 
obtain a sufficient amount of drain current when 
the same gate voltage is applied to an FET. If a 
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substance having a half-wave reduction potential 
of 0.15 V or lower is used, it is possible to 
prevent the drain current in a state in which the 
gate voltage is 0 V from increasing. Therefore, 
5 even when a high ON/OFF ratio is demanded for a 

transistor, the demand can be satisfied 
sufficiently. 

[0054] Moreover, if a n-conjugate molecule 

composed of an ethylene molecule or a n-conjugate 

10 structure whose carbon number is 3 to 15 (integer), 

to which at least one group of -CN, -N0 2 , -F, -CI, 
-Br, -I, and =0 is linked, is used as the electron 
acceptor, it becomes more surely and easily to 
confer the electron accepting properties having 

15 the above-mentioned, function on the functional 

layer 43. In this case, as the carbon number is 
15 or less, there is advantage that the occurrence 
of carrier can be suppressed. 

[0055] It is much preferable to use a n- 

20 conjugate structure whose carbon number is 3 to 15 

(integer) and in which a heterocycle including an 

S atom as a heteroatom is formed because it 
becomes more easily to adjust the HOMO level. 

[0056] When the thickness of the functional 

25 layer 43 is set to a value equal to the lower 

limit value or more described above, there is 
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advantage that the functional layer 43 can be 
formed evenly. Moreover, when the thickness of 
the functional layer 43 is set to a value equal to 
the upper limit value or less described above, 
5 there is advantage that the electrostatic 

capacitance of the gate insulation film can be 
increased sufficiently. 

[0057] When the functional layer 43 is 

configured so that the thickness thereof satisfies 

10 the relationship expressed by the expression (1), 

as the thickness is set to a value equal to the 
lower limit value or more in the expression (1), 
there is advantage that the effect of the 
functional layer can be exhibited effectively. On 

15 the other hand, if set to a value equal to the 

upper limit value or less in the expression (1), 
there is advantage that the withstand voltage can 
be increased. 

[0058] If the concentration of the electron 

20 acceptors contained in the functional layer 43 is 

set to a value equal to or greater than 0.01 mass%, 
it becomes easier to confer the effect that can 
sufficiently increase the mobility of the organic 
FET 1 describe above on the functional layer 43. 
25 On the other hand, if the concentration is set to 

a value equal to or less than 10 mass%, it is 
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possible to sufficiently prevent the generation of 
holes and, as a result, an increase in leak 
current, which would be caused when the electron 
attracting properties is excessively enhanced 
depending on the kind of electron acceptor. 

Examples 

[0059] Examples of the present invention are 

explained in detail below, however, the present 
invention is not limited to these examples. 
[0060] 

<Example 1> 

First, a highly-doped n-type silicon (bulk 
resistivity: 10 Qcm) substrate that doubles as a 
gate electrode is prepared, on which a thermally- 
oxidized film having a thickness of about 200 nm 
is formed as a gate insulation film, and is cut 
into a 25 mm by 10 mm rectangle. On the other 
hand, 0.30 g of polymethyl methacrylate (PMMA) and 
0.03 g of p-bromanil, which is an electron 
acceptor, are dissolved in 10 g of ethyl acetate 
and thus an application solution for a functional 
layer is prepared. The application solution is 
applied onto the above-described silicon substrate 
chip by spin-coating and the ethyl acetate in the 
solution-applied film is evaporated for removal by 
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vacuum drying to form a functional layer having a 
thickness of 100 nm. 

[0061] Next, pentacene, which is a material 

for an organic semiconductor layer, is evaporated 
5 onto the functional layer at a film forming rate 

of 0.1 nm/sec to form an organic semiconductor 
layer having a thickness of about 50 nm. Moreover, 
an Au film having a thickness of about 100 nm is 
evaporated thereon to form a source electrode and 

10 a drain electrode, and thus an organic FET is 

obtained. Here, the channel length is set to 20 
\im and the channel width to 5 mm. The 
concentration of p-bromanil, which is the electron 
acceptor contained in the functional layer, is 10 

15 mass? and the half-wave reduction potential of the 

p-bromanil is -0.1 to +0.2 V. 
[0062] 

<Example 2> 

An organic FET is obtained in the same 
20 manner as that in the example 1 except in that 

O.Olg of tetracyanoquinodime thane , which is an 
electron acceptor, is used instead of p-bromanil. 
The concentration of tetracyanoquinodime thane 
contained in the functional layer is 3.3 mass% and 
25 the half-wave reduction potential of 

tetracyanoquinodime thane is +0.22 V. 
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[0063] 

<Example 3> 

An organic FET is obtained in the same 
manner as that in the example 1 except in that 
5 O.Olg of te t r acyanonaphthoquinodime thane , which is 

an electron acceptor, is used instead of p- 
bromanil. The concentration of 

tetracyanonaphthoquinodimethane contained in the 
functional layer is 3.3 mass% and the half-wave 
10 reduction potential of 

tetr acyanonaphthoquinodime thane is +0.26 V. 
[0064] 

<Example 4 . 

An organic FET is obtained in the same 
15 manner as that in the example 1 except in that 

O.Olg of 2, 5-dimethyl-7 , 7, 8, 8- 

te tr acyanoquinodime thane , which is an electron 
acceptor, is used instead of p-bromanil. The 
concentration of 2, 5-dimethyl-7 , 7, 8, 8- 
20 te tr acyanoquinodimethane contained in the 

functional layer is 3.3 mass% and the half-wave 
reduction potential of 2, 5-dimethyl - 7 , 7, 8, 8- 
tetr acyanoquinodime thane is +0.15 V. 
[0065] 
25 <Example 5> 

An organic FET is obtained in the same 
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manner as that in the example 1 except in that 
0.03g of p-chloranil, which is an electron 
acceptor, is used instead of p-br omani 1 . The 
concentration of p-chloranil contained in the 
functional layer is 10 mass% and the half-wave 
reduction potential of p-chloranil is +0.05 V. 
[0066] 

<Example 6> 

An organic FET is obtained in the same 
manner as that in the example 1 except in that 
0.03g of p-benzoquinone , which is an electron 
acceptor, is used instead of p-bromanil. The 
concentration of p-benzoquinone contained in the 
functional layer is 10 mass% and the half-wave 
reduction potential of p-benzoquinone is -0.46 V. 
[0067] 

<Comparative example 1> 

An organic FET is obtained in the same 
manner as that in the example 1 except in that an 
application solution is prepared without the use 
of p-bromanil, that is, a film composed of only 
polymethacrylate, not including an electron 
acceptor, is formed on a gate insulation film. 
[0068] 

<Comparative example 2> 

An organic FET is obtained in the same 
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manner as that in the example 1 except in that a 
layer instead of a functional layer is formed 
using 0.03g of p-phenyl enedi amine , which is an 
electron donor, instead of p-bromani 1 . The 
concentration of p-phenylenediamine contained in 
the layer is 10 mass%. 
[0069] 

<Comparative example 3> 

An organic FET is obtained in the same 
manner as that in the example 1 except in that a 
functional layer is not provided. 
[0070] 

< Char act er is ti c e valuat ion> 

The change of the drain current versus the 
gate voltage is measured for each organic FET 
manufactured in the examples 1 to 6 and 
comparative examples 1 to 3, and the mobility in 
the FET structure is evaluated. The results are 
shown in Table 1. 
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[ 0071 ] 
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[0072] From the comparison between the 

examples 1 and 3 and the comparative examples 1 
and 3, it is found that the mobility of the 
organic FET of the present invention having a 
functional layer including electron acceptors is 
increased significantly compared to that of the 
organic FET in the comparative examples, not 
having such a functional layer. Moreover, from 
the comparison between the examples 1 and 3 and 
the comparative example 2, it is found that the 
electron acceptor has superiority over other polar 
additive substances . 

[0073] In the examples 2 and 4, as a 

significant drain current was observed in a state 
in which the gate voltage was 0, the mobility is 
omitted. It is estimated that one of factors for 
such a drain current is that the electron acceptor 
used in the examples 2 and 4 has the comparatively 
enhanced electron attracting properties and with 
the above-mentioned concentration in the 
functional layer, concept ionally speaking, 

electrons not only in the vicinity of the grain 
boundaries of the organic semiconductor layer but 
also inside the crystal grains are pulled out 
excessively, therefore, an excessive number of 
holes are formed in the organic semiconductor 
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layer and the amount of remaining carriers is 
increased undesirably. However, the function is 
not limited to this. In other words, it can be 
thought that this result suggests that it is 
useful to control the concentration of electron 
acceptors in the functional layer depending on the 
structure of an organic FET and the kind of 
electron acceptor (how likely it is to attract 
electrons ) 

Industrial Applicability 

[0074] The present invention can be used for a 

field-effect transistor (FET) and, more 

particularly, an FET comprising a semiconductor 
layer containing organic substances. 
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